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ment from-tfie parait. The analogy, then, bet^reen the spore 
and the seed, is something like that of the tadpole and the frog, 
both of the fonner being less developed states of the latter, but 
modified to maintain ah independent existence. Taking this 
view of the case, the fronds of such plants as the marchantia, 
which we permanent, and never develope a distinct axis of 
growth, must be regarded as cotyledons, and are obviously ana« 
logons- to the perennial branchiae of the lower classes of animals. 
It is interesting to remark that the simple cell, which is the type 
of the lowest plant as well as of the lowest animal, is also the 
type of the earliest embryonic condition in both kingdoms ; and 
there is no more perceptible difference between the germ of a 
plant and an animal,. than there is between those of the differ- 
ent classes of either kingdom. 

In tracing the gradual development of the functions peculiar 
to animals, namely, sensation and voluntary motion, we may, I 
tlunk,even berefind that the special type is evolved from one more 
general. If the views which I have elsewhere stated be correct,, 
it follows that the irritability of certain tissues in plants is ana- 
logous to that of the muscular fibre of animals ; and that the 
actions immediately connected with the maintenance of the or- 
ganic functions of the latter, are the direct result of external 
stimuli on their organism. The possession of a nervous system 
must, I think, certainly be regarded as the distinguishing charac* 
teristic^ of animals, although our means of investigation will not 
always enable us to detect it ; but the functions of this system 
in the lowest classes of animals, would appear to be almost en- 
tirely confined to the conduction of impressions from one part 
of the oEganism to another. As we rise in the scale, we observe 
that the instinctive actions which are the necessary respondencei 
of the wganism to external, stimuli, are gradually overpowered 
by the influence of the will ; and although, as has been recently 
observed,* we may regard the nervous system as living and 
growing and carrying on its actions within the body of an ani- 
mal as a parasitic plant does in a vegetable, and as not commu- 
nicating any influence which is immediately essential to its or- 
ganic functions, yet we must perceive (to use the words of the 

* British and Foreign Medical Review, vol. iii p. 10. 
VOL. XXIII. NO. XLV. — JULY 1887. H 
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same author) ^' that the objects of the existence of aoimals re- 
quire that the mental actions of the nervous system should exert 
a powerful controlling influence over all the textures and oigans 
compodng an animal.^ 

The organs of sensation, when examined in tbe ascending 
scale of animals, will, I think, affcnrd us illustratioDs of the same 
general principles. We may perc^ve that the special functions 
of sight, hearing, and smell, are rather elaborated out of the ge- 
neral sense of touch than superadded to it ; and there woOld not 
therefore appear, a priori^ any physiological imposrability is tbe 
fifth pair supplying*a certain power of si^t when tbe ofAc nerve 
Is absent, as in the mole ; and, if the phenomena of the trans- 
ference of sensation should ever be indisputably established, 
their explanation on the same princifdes will be easy. 

Without entering into any detail with regard to tbe structure 
of the various organs of locomotion in animals, k is easy to ob- 
serve the intimate connection which exists in the lower classes of 
this kingdom between the exercise of this functioD, and those 
movements which are essential to the maintenance of the organic 
life. Thus the cilia, which in so many of the aquatic tribes are 
almost the sole instruments of progression, serve also to bring 
supplies of food to the mouth, and of water to the respiratory 
organs. In the higher classes we see each of these functions per- 
formed by a special apparatus, but still a connection may be 
traced ; and I know not a more striking illustration of it than 
the structure of the locomotive system of birds. In this dass, 
as in insects, a high amount of respiration has to he oomluned 
with general buoyancy of the body ; and this object is attained 
by the general diffusion of the respiratory organs. But in in- 
sects, the prindpal organs of progression are merriy aft extension 
of the respiratory system ; whilst in birds, a special locomotive 
apparatus is evolved, which still, however, retains a certain con- 
nection with the function of respiration. 
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On eeriain Modified Forms assumed by the Inductive Process in 
c^ereni Sciences ; being an attempt to elucidate and extend 
some Doctrines of ike Novum Organum. By Robert Mor- 
TiMRB Glover, Esq. (Communicated by the Author.) 

Of late, great importance has been rightly attached to the 
cuItivatioD of those doctrines in primary philosophy, which 
regulate the formation of our practical rules of scientific in- 
quiry. Indeed, as the doctrines alluded to are axioms includ- 
ing nearly all science in their relations, although in themselves 
of an abstractedly simple nature, it is very needful for the no- 
tions entertained with r^ard to them to be explicit. The pro- 
per functions of experiment and calculus, with other topics of 
no secondary consequence, can be thoroughly understood, only 
when investigated in their connexions with the theory of the 
Inductive Logic And the Novum Organum itself exists as 
an everlasting memorial of the utility which may at any time 
result from the attention of scientific men being directed to the 
study o{ the laws that govern the mind in acquiring its know- 
ledge, and the bearing of these upon actual inquiry : — for in 
the work is displayed the mode in which its immortal author 
was ^lafaled to frame a code for future investigators, and per- 
haps to alter the bent of the energies of his time, from having 
conceived more enlarged views of the province appertaining to 
induction, than those possessed by his predecessors. In the 
present day, the light derived from numerous successful efforts 
to explore nature, has been reflected jupon the study of methods 
and systems ; and many illustrious disciples of the Baconian 
school in this country and abroad, have thus been able to re- 
fine greatly the precepts of their master. It seems to be gene- 
rally supposed, that the labours of Stewart, Playfair, Laplace, 
the present Herschel, and others nearly equally eminent, who 
have treated of the applications of the Baconian philosophy, 
have almost exhausted the subject, and that if little can receive 
further elucidation, still less remains to be explored. But we 
believe,, if the opinions of writers on induction be rigidly exa» 
mined, a greater want of unanimity among them, even on very 

h2 
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essential points, will be detected, than could be credited before 
hand. In particular, writers on logic are often by no ineans in 
accord with those who have described induction not exactly as 
a form of mental procedure, but by the help of certain signs in 
nature correctly supposed to correspond with succesave steps 
in the mental operation. Besides, much ill defined language is 
currently used in speaking of the inductive process, its charac- 
ter and relations, — thus, it is often said, that physical laws have 
the power of enabling events to be anticipated by means of 
others which have been observed ; and this is asserted sometimes 
when perhaps no very clear ideas are entertained of the charac- 
ter of this curious property attributed to physical laws. Fur- 
ther, the category of inductive sciences seems not very accurate- 
ly defined. Metaphysicians have debated among themselves 
whether the precepts of the Baconian philosophy are properly 
applicable to the science of mind, — and whether the investi- 
gation of mental phenomena can be considered to involve the 
practice of a method of procedure at all analogous to the ex- 
perimental inquiries of physics. And although in the northern 
part of our island, these questions have been answered in the 
affirmative, — a response has not been so generally given by the 
English and Continental metaphysicians. In like manner, wri- 
ters on the philosophy of medicine differ greatly as to the ex- 
tent of application admitted in their science to precepts which 
have been found invariably fertile in results, as applied in pure 
physics. 

Our object in this essay is to make an effort to reconcile some 
of the above stated discrepancies, and to clear up (if possible, 
other portions of the theory of the inductive logic which ap- 
pear to us in need of elucidation ; and these intentions we pur- 
pose to effect, by detecting and defining certain forms which 
induction seems to assume in different sciences, when that pro- 
cess is regarded not in the mind, but through its corresponding 
signs in nature, — and which forms do not appear to be distin- 
guished as yet in a clear manner by writers ; while, at the same 
time, we endeavour to show how those varieties came to be, as 
it were, developed out of the fundamental process which is per- 
formed in mind, — which does never vary in essential character, 
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x^hatever phases it may assume, when the indices correspondent 
to it are regarded in nature. As our space is necessarily some- 
what limited, we shall only premise further, that our purposed 
divisions will regard methods of inductive procedure, and not 
individual instances, as in the classifications of Bacon, and that 
if the circumstances in the very constitution of the different 
sciences^ which compel the inquirer to take diverse routes in ar-^ 
riving at their truths, have already been described, the sir.>iect, 
so far as we are aware, has not been treated as a whole i:i the 
particular way proposed. 

It is perhaps scarcely proper to remind the reader, that all 
our knowledge is rendered available to the reasoning faculty 
by means of what is termed generalization: — for, as all pro- 
cesses of pure reasoning may be resolved into syllogisms, which 
can proceed only from generals to particulars, — until the mind 
has arrived at general notions, it cannot of course be capable 
of reasoning either on the subject-matter of the knowledge af- 
forded by scientific inquiry, or on that of the information ac- 
quired in the ordinary relations of life. To that intellective 
faculty which has the power of forming general notions is given 
the name of abstraction ; while its mode of procedure is termed 
induction or the inductive process. Abstraction is not regard- 
ed by metaphysicians of the present day as a simple faculty of 
the mind ; but its real nature is of little concern here ; — let it 
be understood, however, that induction is its mode of procedure, 
and generalization its result. And, first, let us attend to the 
result^ in order that a clear conception may be had of what is 
required in a method of procedure, the great object of which 
is that this result may be attained. 

In a logical point of view, a science may be regarded as a 
collection of general terms, each of which in all sciences, except 
those generally considered abstract, expresses common circum- 
stances possessed by a certain number of particulars, from the 
examination of which the genus has been formed. In the ab- 
stract sciences, as for example in geometry, and that depart^ 
ment of mental science, which, by the disciples of Reid, is call- 
ed the doctrine of first truths, the highest and most inclusive 
principles are ideas of relation which subsist solely in the mind 
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Subordinate to the great logical characters of physical laws, 
there are other characters of a physical, or a metaphysiclil kind, 
which, not being all common to such expressions, but some of 
them peculiar to particular laws, serve to distinguish those. 
The chief of these characters depend upon the relations pre- 
served between properties connected in laws, in time, and in 
space. Characters deduced from such relations, may be termed 
inetapfajrsical : their existence was clearly pointed out by Dr 
Brown. The physical characters belonging to laws are very 
various ; and in this inquiry may be considered accidental or 
contingent. 

A law, stating that the properties to which it applies pre- 
serve a relation one to another, so that the presence of none is 
antecedent to the appearance of the others, is an expression like 
the description ci a natural family, or the theory of the circu- 
lation reduced to its utmost simplicity. For as, in this latter 
case, it is only stated that the performance of the circulation of 
the blood is a function essentially connected with a peculiar 
structure, — the prior presence, whether of structure or function, 
is left undetermined. But where one property precedes ano- 
ther in the order of time— one being a uniform antecedent, and 
the other a uniform consequent, i. e.^ when this order is found 
to occur regularly in certain contingent physical circumstances, 
— >the law is then one of cause and effect. Since the phenome- 
na of gravitation are now found to be consequent upon the re- 
lative position of gravitating masses, because the attractive 
influence requires time for its transmission, the law of gravity 
is one of cause and effect. Matter, in separate masses, and 
these at distances not extremely minute, being the uniform ante- 
cedent ;^-the phenomena of gravitation the imiform consequent; 
and the occurrence of the law within certain definite distances 
(added to what is said just above), the contingent circumstan- 



But besides the statement of an existing relation between 
properties, a physical law often carries with its terms the pre- 
sumption of an existency in nature', more remote and subtile 
than the observed properties, and which causes those to preserve 
their known relations. In other words, the law excites in the 
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Our opinion, as given above, is in a great measure opposed 
to the wdl known doctrine of cause and effect, promulgated 
with so much eloquence by Dr Brown : but it is now by no 
means an act of daring to venture the avowal of more specula- 
tive notions, with regard to cause and effect, 'than those pub- 
lidied by that justly celebrated metaphysician. For at present 
his theory is generally dissented from ; and we believe that it 
is not in accordance with the genuine spirit of the Philosophy 
of Bacon, nay, that brought to bear upon actual inquiry it 
would be found to have an effect extremely prejudicial. 

According to Dr Brown, all that can be conceived, or rather 
dl that should be conceived by the mind of cause and ef- 
fect, is the invariable antecedence of one property with the 
consequence of another, under certain contingent circumstances. 
Besides this invariable relationriiip, no idea of power or force 
Aould be conceived. And, by way of illustration, he analyzes, 
with hon wonted elaboration, the law of gravity, in which he 
says, all that can be rationally or philosophically conceived of the 
jrfienomena of gravitation is stated, viz. the simple fact. Or, 
to the statement of the simple fact, according to his doctrine of 
causation, a sound philosophy ought not to attach any hypo- 
diesiB of the existence of a principle connecting together the 
properties which are the subjects of that law : the supposition 
that the phenomena of gravitation are owing to an attractive 
toftoe exerted between masses of matter being unwarranted by 
the known fiuHis. Buch must be his meaning ; and accordingly 
he censures the query in which Newton couched his belief in the 
existence of an ultimate principle, — the cause of gravity. 

Were one, unacquainted with the Newtonian Philosophy, and 
likewise with any theories of causation, to behold two masses 
of mattffl* gravitating to one another, he would naturally ascribe 
the fact to the existence of an attractive force, or the exercise 
of a secret sympathy ; and, if one of the bodies were drawn 
more towards the other than this one unto it, he would suppose 
the power residing in the one to preponderate over that power 
residing in the other ; for the feeling in ourselves of what is re- 
quired to produce analogous effects by muscular exertion, is 
alone sufficient to produce both convictions. The hypothesis 
of the existence of an attractive force is admitted hy CowdS^^aj;:. 
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ly imbued with the spirit of Bacon^s philo«^y, fallowed h* 
precepts to the letter, when, having arrived at the law of gn. 
vity inductively, he began to speculate as to the nature of the 
cause of gravity ; at the same time defining most distinctly in 
his S8th query, the true aim of philosophy to be the determina- 
tion of such lofty inquiries as that which regards the cause of 
gravity. 

Physical inquiry consists in seeking after oonnexiODs between 
properties existing in nature, or in endeavouring to discover 
where such connexions cannot exist. Hence there are negative 
and positive laws. But all definitions of laws^ by an appropri- 
ate and slight change in expresdon can be made to apply to 
negative as well as to positive cases. Perhaps suflBdent has now 
been said with regard to the results of inductive inquiry, to 
enable all the varieties of inductiice procedure to be understood. 

We turn, then, to view the objects of ccmtemplatioa proposed 
on introducing our subject. And since a law framed by induc- 
tion should include the class of facts to which it is applicable, 
in a perfect manner, every legitimate species of inducdon must 
be capable of afibrding complete proof. But it is evident, that, 
in such a case as the law of gravity, every individual instance 
included in the expression cannot be examined, or the labour of 
proof would be illimitable : how, then, is the requisite degree 
of evidence in such a case obtained ? 

Aristotle believed it necessary, for every particular instance 
subject to a law to be examined, before the expression could be 



Sut elsewhere he eridentlj means by forms the most remote pzind^les thitwe 
can conceive. Thus, he tells us, that the *•'• fo&h of any nature is foch ai, that 
where it is, the given nature must infallibly be ;'* (Nov. Org. p. I, s. 2, aph. 4). 
And although, in the very next sentence in which the passage we have just 
rendered occurs, he seems to allude to something still more essential than a 
FORM, yet, as in the inquiry after the form of heat, he concludes hett to bean 
^' expansive bridled motion, struggling in the small particles of bodies;** we 
think that his forms do also correspond with such principles as the cause of 
gravity, or the cause of light, but that he has another inferior set of forms^ 
such as physical laws. And as he divides his philosophy into the study of 
FORMS or metaphysics, and the study of effects or actions up to the form which 
he calls physics, proposing, by means of the knowledge acquired in physics, to 
produce all sorts of mechanical actions, (Nov. Org. p. 2, s. 1, aph. 9), his mean- 
ing is thought to accord with the interpretation above given. 
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lofpsctSfy ecrtasn : *^ Nam inductio fit ex cmmibus singularibus."^ 
But the examples of induction with which he was acquainted, 
irare eases in which it is requisite to examine every instance be- 
longiDg to a hiw before the due amount of evidence can be ccIL 
leeted. As the subject is placed in an exceedingly favourable 
light by some sentences of Gassendi, we shall take the liberty o{ 
quoting those :— 

^ £tcaim ipoL queque inductio ijllogismus rdpaa est ; et quadamtenus 
quidem medle inter enthymena et gradationem conditionifl, — * * * hie cum 
didtur, Y. c. omne animal gressile vivit, omne item volatile vivit, omne etiam 
natatile^ anme reptile, omne zoophjtum ; igitur omne animal vivit ; assump- 
timies hinc phuea sunt, justa generaliores species gradus animalis coUectse, 
et quasi in unam coadunatae, quam ista propositio intelligatur prsecedere^ 
omiie aoiinal ant gressile^ aut volatile, aut natatile, aut reptile, aut zoophy- 
tum est. 

^ Sdlioet, nisi hujusmodi propositio supponeretur, suppressare licet, subin- 
telligeretiir tamen, consequentioris vis nulla foret ; cum si prseter enumerata 
c x irt gi a t alioA quodpiam animal, condusio evaderet falsa. 

^ Usde. efc Ikat intelligi, debere induclionem, ut legitima sit, continere 
omnium spedenun, partiumve enumerationem ; ne si una quaepiam defidat, 
ea ezceptionem &ciat> probationemque labefactet. Quanquam, quia ut su- 
peiiiis semel, iterumque monuimus, difficile plerumque, aut impossibile 
etiam est casHKrationem omnium fieri, dici, aliquibus enumeratio, solet, 
^uod Liuarefeium et Horatius, csetera de genera hoc ; supponendo videlicet, 
prseter membra enumerata occurrere nullum, quod secus se habeat."*|- 

He goesoQ to say, that there may be an induction, concluding 
in the negatiye^ as well as an induction concluding in the affir- 
matiTe. Except the error of supposing induction to be a species 
cf syUogiBm^ ^® above passages give a sufficient notion of the 
opinions entertained at present with regard to the mode of pro- 
cedure proper in induction, in order that the evidence may 



* Be Inductione (Analyt Prior. lib. 2, c. 23.) 

t Inititutionum Logic. P. 3, Canon 11. 

J, An error not confined to this writer, as is shewn in a very powerfid ar- 
ticle in the Edinboigh Review, voL Ivii. ; but common to him with most au- 
thon on logic; although not partidpated in by Aristotle, according to the 
i««w«r. We find Aristotle say, that *' quodam modo opponitur inductio 
lyUogiamo.'* And in his chapter on Induction, he seems to assign distinctly 
the province of demonstrative reasoning to syllogism, and the discovery of 
physical truth to induction. When he says that syllogism is ^ natura prior 
ct notior," he probably alludes to reasoning firom an obscure and unanalyzed 
whole to its parts. 
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not be fimnd inm Ai then the hiw sUtes that n — m A contain a or a + 6. 
2. Of the Prerogative form. Properly speaking we shoul d start here with 
the knowledge of the existence of the property a in n ^, orn — m A ; let n A 
then contain a ; here, instead of seeking to enumerate every instance before 
obtaining a law fbr the dass, it is enough to know that in A', A*\ or A"\ — the 
prerogative instances, a is connected in a manner believed essential with 6, 
or& + e»0!r h^o-¥d in order to frame the law — '* All n A contain a + 6, or 
a-f^ + ^ora + d + c + ef.*' One sufficient prerogative instance can enable 
a negative conclusion to be drawn, just as in the case of a positive law. The 
downward application of laws framed from the study of prerogative &cts fur* 
idshes the means of verifying the observations already made. 
. .We are informed by an eminent authority in logical science, who honours 
these pages with his general approval, that Duns Scotus distinguished two 
species of induction, corresponding with our first and second forms. Bacon 
confounded the induction given by way of example by Aristotle, and which 
therefore was our first form, with the second or uncertain form practised in 
medicine.* The great improvements effected by Bacon on the views of his 
predecessors with regard to induction, consisted in the extensive grasp he took 
of the province in the cultivation of science appropriated to induction $ and 
also in diewing the power possessed by particular well chosen facts. These, 
the most important and original of his notions have yet received a too implicit 
attention ftom those who have written on his philosophy. Until about the 
epoch of the Novum Organon, philosophers were not in possession of such in* 
struments as are requisite to make known fully the relations of most of those 
instances termed prerogative. Till then, therefore, induction was described 
as a mode of mental procedure ; Bacon described it by its corresponding 
signs in nature. Therefore it was, that his precepts were so powerful in dis- 
playing the advantages attendant upon the cultivation of science, inductively. 



Organic Remains in the Old Red Sandstmie of Fife. By the 
Reverend John Anderson, Minister of Newburgh. Com- 
municated by the Author. 

The county of Fife occupies the eastern portion of the great 
independent coal formation of Scotland, bounded on the south 
by the Frith of Forth, on the east by the German Ocean and 
Bay of St Andrews, and on the north by the river Tay. It 
may be regarded as divided into three principal geological dis- 
tricts; that of the coal measures, which occupy exclusively the 
^nitbern district, lying betwixt the Forth and the Lomond 

• Nov. Org. P. 1, 8. 6, Aph. 105. 
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On Sippoldaau and its Mineral Waters. By the Rev. Ed- 
WABD Stanley. Communicated by the Author. 

Bblow I annex an analysis of the mineral waters of Rippold- 
sau, one of the many, but, to the generality of travellers, least 
knbWn^ of the attractive Brunens, so abundantly scattered over 
the parts of Germany included between the upper parts of the 
Rhine and the Neckar. It is situated nearly in the centre of 
the Black Forest in a narrow valley (at the foot of the Eniebis, 
one of the highest mountains of that district) through which the 
River Wolf winds its way, till it falls in with Kinzig, which 
joins the Rhine a short distance below Strasburg. From Baden, 
through the romantic vale of the Murg, it may be reached in 
rather less than nine hours, stoppages not included, by an ex- 
cellent road, through Gernsbach, Forbach, Schwartzenburg, and 
Freudenstadt, where the road turns abruptly to the westward, 
and gradually ascends the Kinebis, near the highest elevation of 
which, it again turns abruptly to the south, and by a very steep 
descent, plunges into the deep valley, in the midst of which, as 
if fallen from the clouds, stands Rippoldsau, a small village, or 
rather ocdlection of accommodations for travellers, where, to their 
surprise, in the midst of this apparent solitude, they will find 
themselves seated, in one of the most singular and beautiful din- 
ing-rooms, at a table d'hote, with from 150 to upwards of 200 
guests to bear them company. The property belonged originally 
to the grand Duchy of Baden, but was , purchased about ten 
years ggo of Prince Furstenberg, by the present proprietor M. 
Gk)eringer, who has speculated largely in improvements and 
buildings, which promise to yield an ample remuneration, there 
being few similar places, which, in point of scenery, mineralogy, 
and mineral waters can rival this secluded spot. Two roads will 
conduct the traveller to Strasburg, an upper through Eppenau 
and Oberkirk, and a lower by Hausach and Offenburg, the lat- 
ter occupying about eight and a half hours, stoppages not in- 
duded. 
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The importance of working minerals containing silver, without 
the aid of mercury, will be easily appreciated, when it is known 
that the registers of the mint of Potosi bear witness that between 
S85 and S86 millions of marcs of silver have been struck from 
the' year 1570 to the year 1800, and that in the preparation of 
this enormous sum 286 millions of pounds of mercury have 
been lost, which, at the present price, represent a capital of 
L. 6Sy500,000. This immense quantity of quicksilver, used at 
Potosi alone, is now in the bed of the Pilcomayor, a river of 
Peru, into which flows all the refuse and rubbish of the silver 
mine. What a mine of mercury is this same, so soon as art 
diall have devised means for its easy and economical recovery. 

In the rapid exposition we have now presented of the rela- 
tions which exist between natural philosophy, chemistry, and the 
Afierent branches of natural history, we imagine we have 
brought together a sufBcient number of facts to demonstrate the 
necessity which now exists of drawing closer the links which 
uiute those several sciences. 

The powers which regulate organic nature have assuredly a 
mode of action which is peculiar to them ; but, notwithstanding, 
they are not so independent of those which preside over the for- 
mation of inorganic compounds, that these latter do not exercise 
a certain influence over the others. It is by carefully collecting 
and analyzing all the efiects which flow from the concurrence of 
these two very distinct kind of powers, that we shall succeed in 
throwing additional light upon the phenomena of life. 

One of our illustrious colleagues, in demonstrating some little 
time ago, before the national tribunal, tlie necessity of extend- 
ing the course of scientific study, has been the interpreter of the 
wants of our time ; for if literary pursuits improve the moral 
sense, by elevating the imagination at the recollection of noble 
deeds, and develope the mental faculties, and supply the mind 
with a store of images which may afterwards contribute to en- 
rich our thought, what influence may not the sciences also, as a 
whole, exercise upon civilization, those especially which have 
such a powerful influence upon physical pursuits, which improve 
the judgment, and reveal to man the secrets of creation, enlarge 
the range of his ideas, and fill him with admiration at all the 
marvels of those laws and principles he is seeking to discover. 
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greatly extended, especially in Germany, has lost much of its 
power ; while, on the contrary, the dominion of Pluto which, in 
consequence of the mighty extension of the oceanic domains, 
for some time appeared to totter, has not only recovered its pris- 
tine vigour, but has had its boundaries materially enlarged. 
The more extensive the influence is, which is in our days as- 
cribed to fire in the formation and transformation of our planet, 
the greater must appear the necessity of tracing accurately its 
footsteps, and of investigating by what means, or in what man- 
ner its own individual changes influence extraneous matters. 
For effecting this purpose, an excellent means is furnished by 
metallurgy, inasmuch as, of all that fire can accomplish under 
the guidance of art, the greatest and most diversified phenome- 
na are displayed by the processes that take place in the melting 
furnace. 

Among the grand modern discoveries of chemistry, none can 
be considered of greater importance to geology, than the dis- 
covery of the metallic bases of the earths and alkalies ; and even 
the great naturalist Sir Humphrey Davy, whose name is in an 
especial manner associated with this discovery, did not omit to 
make a happy application of it to the theory of volcanic pheno- 
.mena. He remarked, that if we should suppose the metals of 
the earths and alkalies (of which kalium is confessedly endowed 
with the property of igniting immediately with water) in com- 
UiiatioD with the common metals, or metals properly so called, in 
lai]ge masses under the crust of the earth, and should assume that 
air and water come in contact with them, the operations of the sub- 
terraneous fire, and the formation of masses of a lava-like sub- 
atanoe, would then be explicable. This assumption, to which other 
distioguished naturalists also have given their assent, may be 
transferred to the formation of that entire portion of the crust of 
the earth, which is composed of masses, to which we at present, 
with perfect justice, ascribe a fiery origin. In conformity with 
this view, the origin of the Plutonic and volcanic masses of the 
crust of the earth appears to be the result of a process of oxida- 
tion, extending around the whole nucleus of the earth, and pro- 
gressing in general from the surface towards the interior. 

It is assuredly not to be misunderstood that a more accurate 
elucidation of this theory is of the greatest importance to gco- 
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8. The capacity of heat of the strata. 

If the earth be very much cleft, as is the case with the chalk 
rocks, and if the fissures be of considerable width, the tempera- 
ture of the percolating waters will be Uttle altered ; if, on the 
other hand, the clefts be few and inconsiderable^ or the soil be 
composed of an earth, such as sand, which easily allows the pas- 
sage of water through it, that temperature will be cotisiderably 
tiiodified.* 

In order to have an idea of the probable efibct in one of these 
cases, I made the following experiments : — 

I allowed water to filter through a bell glass 14 inches high 
and 4.75 inches in diameter, filled with fine sand of the lignite 
formation. The temperature of the water which was poured 
upon the sand, and which filtered through it, as well as the tem- 
perature of the sand itself, was observed from time to time, be- 
f(M« and during the experiment, with very sensitive and per- 
fectly harmonizing thermometers ; and the following results were 
bbtained : — 

First Series of Experiments with Sand moderateli/ Damp. 

Time, . _ 4 12 18 20 27 32 34 47 62 m. 

Water, . 62^6 67'.6 — 67^3 66^9 — eG'.S — 65^7 64«5 

fland, . 64 .7 — 54 .9 57 .6 60 .6 62 .2 _ 68 .5 63 .7 63 .5 

W*^filt«redJ _ _ _ _ 57 55 .9 - 55 .7 56 .7 57 

The temperature of the air during the experiment remuned 
at 65^.4, and 6.75 lb. (of 16 oz.) of water were filtered through. 

Second Series of Experiments with Sand thoroughly wetted with Water. 

Time, . » 3 11 15 19 25 28 33 36 41 45 n. 

Water, . 66o.2 67o.6 67M 66o.9 6Qo,e 66<>.4 66o.2 66» 65«.8 650.5 64o.8 

Sand, . 57 .6 — 57 .7 58 .3 60 .1 61 .9 63 63 .7 64 .4 64 .4 64 .4 

Water^filteredl 57 57 g 57 .6 57 .4 57 .2 57 .29 57 .6 57 .6 58 .3 59 4J 60 .1 

The temperature of the air during the experiment fluctuated 



* Thus it has been found, that, in the chalk rocks, even thermal springs 
maj bear signs of the influence of the external temperature ; as, for example^ 
the salt springs at Werl, mentioned in the preceding chapter. On the other 
hand, in a simdjr soil, where the meteoric waters are very much divided, and 
come in close contact with the particles of sand, the influence of the external 
temperature is no longer perceptible, at a very moderate depth. For this 
reason, springs rising through sand shew such small variations of tempera- 
ture ; as is the case with the springs in tlie neighbourhood q£ Berlin and /Vis- 
dam. 
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througli, as a cylinder having a base equal to this area, we shall 
find the height of the column for the first series of experiments 
= 10,8 inches ; second = 8,S8 inches ; third = 10,68 inches. 

But the quantities of water used in the above experiments, 
were, in each series, greater than the yearly fall of rain at Cu- 
mana^ which, according to Humboldt, only amounted to from 
seven to eight inches ; and, as on sloping ground, however po- 
rous* it may be, only a small proportion of the rain-water soaks 
in, perhaps hardly two of those seven or eight inches actually 
penetrate into the earth. Admitting the probability of this 
supposition, scarcely one quarter of the quantity of water made 
to sink through the sand in one hour, in each of the above ex- 
periments, is absorbed in a whole year by the soil of Cumana, 
These considerations are already sufficient to shew, that at Cu- 
manoj where it very seldom rains, the temperature of the me- 
teoric waters can have no sensible influence on the temperature 
of the springs.-f- 

The quantity of meteoric water which sinks into the earth, 
and serves to feed the springs, may be calculated from the 
quantity of water they yield. I have undertaken this calcula- 
tion for a district where copious springs are abundant. It com- 
prises a part of the volcanic group in the vicinity of the Lna- 
cher See. I found the district drained by a brook, which re- 
ceives the waters of all these springs, to measure 568,689,072 
square feet : and, according to a measurement, made at a time 
when it? had not rained for some days, the rivulet supplies 16,25 
cubic Rhenish feet of water per second, or 512,460,000 cubic 
feet J per annum. From this we learn that only 0,9 feet of 
the yearly fall of meteoric waters on the district drained by this 
brook filters into the earth, and serves for the production of 
springs. 

The results of the above series of experiments, shew the vari* 



• Voyages III. 371. xi. 19. 

t In the CarderUlaSf one may sometimes wander for hundreds of miles 
without meeting with a spring ; and it is impossible that such rare springs 
should have a temperature lower than that of the air. 

t This value should have been taken somewhat higher, because the re- 
evaporation of the water during its course was not taken into account in our 
calculation. 
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able the more copious they are, and the more quickly they 
flow. We will suppose, for the sake of example, the mean 
depth from which a certain number of springs, belonging to a 
certain district, rise to be thirty feet. Farther, let the specific 
gravity of the soil be taken at 1.5, and its capacity for heat 
0.S2, the specific gravity and the capacity for heat of water 
being taken as unity.* Supposing the height of water provid- 
UDg a certain surface for the supply of its springs to be one foot 
(about as much as we found in the district of the Brdklbach 
above mentioned), we shall have the proportion between the 
masses of the water and earth, which come in contact with each 
other, as 1 : 45. Lastly, let the meteoric waters during a whole 
yeur be ^o colder than the soil, and let the mean temperature of 
the latter be 46<>.4. Under these circumstances, if the whole 
quantity of water were to fall, in one moment, upon the earth, 
the temperature which the earth would assume would be = 
Ixlx8x(45x0.ggx8) 1 X 1 X 37.4 + (45 x 0.9.9. x 46.4) 

1 X 1 X (45 X 0.22) ^ 1 X 1 + C45x0.2«) 

= 1t5^>S7 Fahr. This would consequently also lie the tempenu 
tare which springs, coming from a depth of thirty feet, would 
have. 

Thus, even in case the temperature of the meteoric waters 
thitMigfaout the year, were 9^ colder than that of the soil, and 
tliat they should only sink to a depth of thirty feet^ the tempe- 
ratitre of. the soii^ and consequently also of the springs rising 
oiit of k, would stili only be lowered 0.88. But these condi* 
tioos will with difficulty be satisfied either between the tropics, 
or at any other point on the surface of the globe. And sup- 
posing they were satisfied, the difference thereby produced be- 
tweftn the mean temperature of the air and that of the soil, 
would fall &« short of 0.83, because the cooling of the air by the 
meteoric waters would follow but shortly after that of the earth^s 
crust. 



• These I found to be the specific gravity and capacity for heat of the sand 
UMd in the above experiments. 

t Let M and m represent the two masses, S and s thehr capacities for heat ; 
T and i their temperatures : the temperature T of the two bodies, after their 

intermixture, will be 

T MST H- mtt . 

"' MS + mt 
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It has been found, from thermometrical observations, made in 
various Prussian mining establishments, situated between 5(f 
and dl°.5 N. Lat.,* that, notwithstanding the numerous precau- 
tions employed to isolate the thermometers placed at different 
depths from the atmosphere, they still, in some cases, shewed 
great irregularities of temperature, as will be seen from the fol- 
lowing table ; 



Depth below the sur- 
fiue at which the ob- 
•enratlon was made. 


Greatest differences 
of temperature 
observed. 


' Depth below the sur- 
face at which the ob- 
servation was made. 


Greatest dtflbrenc 
of temneratur 
observed. 


27 Paris ft. . 


0.83 F. 


55 Paris ft. 


6M9 F. 


32 


— . 


1^8 


33 — 


6".75 


32 


_ 


2^25 

1 


45 — 


10M3 


63 


_ , 


2».25 

1 


■ 29 — 


12^60 


28 


__ . 


2''.81 


155 — 


0.0 


26 


._ . 


3°.37 


159 -^ 


0.0 


32 


™»™ 


5°.29 







X From this we see, that in the temperate zones the influence of 
the external temperature may be no longer perceptible at the 
moderate depth of 9,1 feet ; but that, under less favourable cir- 
cumstances, it may be more or less considerably felt at depths of 
55 and 63 feet, or even more ; and, lastly, that at 155 and 159 
feet it entirely disappears. 

In the years 1830-1 83S, observations were made with great 
care in the mines of the Saxcm Erzgebirge^ on the temperature 
of the rock at various depths.f In order, if possible, to avoid 
the effects of a change of air, thermometers were used of such 
a length, that the bulbs might be sunk 40 inches deep into holes 
bored in the rock, whilst the scale might be observed from with- 
out The spaces between the thermometers and the sides of the 
holes were filled with dry sand. The scales were divided to 
tenths, by which the observations might be taken in hundredths 
of a degree centesimal. The utmost care was bestowed on the 
graduating and harmonizing of the thermometers. 

In choosing situations for the thermometers, points subject to 
considerable draughts of air, and such as were occupied by 



* PoggendorfiTs Anual. voL xxii. p. 520. 

t Beobachtungen ueber die Temperatur des Gesteir.s in verschiedenen 
Tiefen in den Gruben des Saohsisehen Erzgebirges in den Jahren 1830 bi 
1832, zusammengestellt^on F Reich. Freyberg. 1834. 
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workmen, were as much as possible avoided. They were always 
placed in the solid rock, and in spots above which there were 
no halvens or other heaps of rubbish. The holes were bored in 
such a manner, that the bulbs of the thermometer should Heat 
least 4?0 inches below the surface of the rock, and only such were 
used as were free from wet. 

During his observations on the hourly variations of the mag- 
net, Reich had an opportunity of observing the rapidity with 
which the air operates upon the rock even at a distance of 40 
inches. The air in the mine shewed 48*^.6 with but slight variations, 
and a thermometer sunk into the rock 48°.64 ; but when, after 
44 hours' observation of the "magnet, the temperature of the air 
had been raised by the presence of the observers, and their two 
candles, to 49°. 7, the thermometer in the rock, which was sub- 
ject to no change of air whatsoever, was found to have risen to 
48°.71, 48^.78. This discovery destroyed all hope of obtaining 
the temperature of the rock, quite free from the influence of the 
air, by sinking the thermometers even 40 inches deep into the 
rock. In order to ascertain whether the temperature of the 
rock was raised or depressed by the air, at different points near 
the scale of the thermometer sunk into the rock, were placed 
others exactly corresponding with it. Thus, if the mean tem- 
perature should be higher than that of the rock, it might be 
concluded that the air tended to raise the temperature of the 
rock ; and if lower, that it caused a depression. They were, 
however, satisfied with knowing, whether an increase or decrease 
took place, without determining to what extent it was carried. 
The observations frequently led to no results. The thermo- 
meters near the surface were generally observed three times 
a-week ; those situated further down, twice. Reich estimates 
the errors of observation in some cases at 0.18. 

Another observation, which proves how deep in the earth a 
change of temperature in the neighbourhood, although small, if 
it be but of long duration, may be felt, is worthy of notice, as 
it shews how many unknown, as well as known circumstances, 
may have influenced former thermometrical observations in 
mines, and how little the want of concord in the results obtained 
from them is to be wondered at. In tlje mine of BescJurt 
Gliickf in the Freyberg district, a thermometer buried in thi' 
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ttmutegrated gneiss, forming the floor of a cvliur under a 
Bmitliy, showed, in 1830, a mean temperature of 49°-79) which 
was much too high, compared with other observations made at 
ihe surface. This wascuiised by the strong Are in the smithy, the 
greatest proximity of which to the thi.'ni)oniL'tt.T was I'J feet.* 

I have reduced the ccntcssimul degrees of the observations, 
made near the surface, at various pluces in the Saanrtt Erze- 
Wr^, into drgrees of Rcamur, and arranged them in the fol- 
lowing tabli-. Tile numbers represent the monthly mean tem- 
peratnre. Ueich also gives the m.iximum and minimum of each 
month ; but these I have omitted for shortness' sakf, and have 
confined myself to noting, in the four last lines, the greatest 
yearly diflvrenccs of temperature, which is of the most import- 
ance fur our object. The places of observation are arranged in 
the order of their depth bilow the surface; but thi-ir elei 
above the sea is at the same time marked. 



3 M 

n 



[^ fJN 



* Perhaps also the water useil fur quenehln){ und liardL'niti),' tii:ti' liav« 
fuutiil its waj to the spot where llic theTiiionieter wus ^iluueil. 
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means alone that springs are enabled to take their rise under 
the glaciers, and to flow uninterruptedly throughout the winter. 
Only in such places where these high glacier-bearing longitu- 
dinal valleys of the Alps are intersected by cross valleys, or 
where high glacier-bearing mountains stretch down into deep 
valleys, will the towering glacier masses be forced down the 
steep declivities, and urged forwards by their own weight into 
the valleys situated below the limits of perennial snow, where 
they will continue uninterruptedly to melt away from under- 
Death, whilst their upper surface will only be melted during the 



warmer seasons.'^ 



The melting of the glaciers from underneath can only take 
place where the mean temperature of the soil is above 32°. For 
at such elevations, where it is equal to or below 32°, and where 
the glacier prevents the access of the warm summer air to the 
soil, it will no longer be possible for the ice to be melted on its 
under surface. Let us suppose an alpine valley, the mean tem- 
perature of which is 32^, to be covered with a glacier at a time 
when the temperature at the surface is also S2°, and that the 
masses of snow have the same temperature, the snow will then 
neither receive heat from, nor give heat to, the soil beneath. If 
the temperature of the soil be above 32^, this excess of tempera- 
ture will be expended in melting a part of the snow, until the 
equilibrium be restored ; in the contrary case, the soil will re- 
ceive heat from the snow. The law of the decrease of tempera- 
ture from the centre of the earth to its surface is, therefore, not 
permanently deranged by a covering of snow, where the mean 
temperature of the soil is 32% and it is consequently impossi- 
ble to conceive, that a greater quantity of heat should at any 
lime be emitted from the interior, by which the snow should be 
melted. The covering of snow will produce no other effect, 
except that the variations of the temperature of the soil, occa- 
sioned by the variations of the seasons, will be confined within 
very narrow limits, or if the covering of snow be very thick, 
that they will entirely disappear. However, as the temperature 
of the surface is only the consequence of the cooling of the 
earth, caused by the radiation of heat from its surface, which 
cooling is not compensated in all climates by the radiation from 
the sun, it is possible that, beneath a glacier where no radiation 



Hoi and Thermal Springs* 349 

about Sd^'.Ol above the mean, the mean temperature of that 
spring roust have been about 36^.81. 

However, as these springs rise out of the limestone rocks, 
which are there so enormously fissured, and therefore probably 
rise from a great depth, it is to be supposed that they are ther- 
mal, and that the coldest of them bears a higher temperature 
than the mean temperature of the place where it rises. If this 
is the case, it is very possible that the mean temperature of the 
soil on the Spital Matte does not exceed 32^.9^9 as was sup- 
posed in Chap. XVIII. 

Now, if the mean temperature of the soil near the Lammem 
glacier is below 32°, it must be one of those glaciers which can- 
not melt from underneath. 

I was enabled to assure myself of the correctness of this opi- 
nion in another manner. The brook which flows from this 
great and broad glacier was on the 5th September so small, that 
one might easily walk through it. Besides, even that small 
quantity of water seems for the most part to have proceeded 
from a waterfall, which precipitates itself into the glacier on the 
north side, and reappears at the lower extremity ; for during my 
stay there the temperature of the air was only SS^.T, so that but 
very little could have melted away even from the upper surface. 
The water which trickled down from the surface of the glacier 
was also very inconsiderable. 

I learned from my guide, a well-informed chamois hunter from 
the Baths of Leuck^ that the water of this glacier-stream de- 
creases as the seasons advance, and that in winter no more water 
flows out of the glacier. The same is the case with two small 
brooks, which fall in cascades from a small glacier, stretching 
down from the Daubenhom. There can be no doubt that these 
also only result from the melting of the ice on the upper surface 
of the glacier by the heat of the atmosphere. 

My guide also related to me some remarkable facts concern- 
ing the ice-cold, periodical spring of the Leibfraw, mentioned 
by Ebel,* situated 200 paces distant from the Baths of Leuck, 
which are also corroborative of the above opinions ; namely, 

* Anleitung die Schweiz zii bereisen Zurich, 1810. 3d edition. Part iii. 
p. 333. 
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about SS^'.Ol above the mean, the mean temperature of that 
spring must have been about 36^.81. 

However, as these springs rise out of the limestone rocks, 
which are there so enormously fissured, and therefore probably 
rise from a great depth, it is to be supposed that they are ther- 
mal, and that the coldest of them bears a higher temperature 
thsD the mean temperature of the place where it rises. If this 
is the case, it is very possible that the mean temperature of the 
floil on the Spital Matte does not exceed 3S^.9^9 as was sup- 
posed in Chap. XVIII. 

Now, if the mean temperature of the soil near the Lammem 
glacier is below 32% it must be one of those glaciers which can- 
not melt from underneath. 

I was enabled to assure myself of the correctness of this opi- 
nion in another manner. The brook which flows from this 
great and broad glacier was on the 5th September so small, that 
one might easily walk through it. Besides, even that small 
quantity of water seems for the most part to have proceeded 
from a waterfall, which precipitates itself into the glacier on the 
north side, and reappears at the lower extremity ; for during my 
stay there the temperature of the air was only 38°.7, so that but 
very little could have melted away even from the upper surface. 
The water which trickled down from the surface of the glacier 
was also very inconsiderable. 

I learned from my guide, a well-informed chamois hunter from 
the Baths of Lexick^ that the water of this glacier-stream de- 
creases as the seasons advance, and that in winter no more water 
flows out of the glacier. The same is the case with two small 
brooks, which fall in cascades from a small glacier, stretching 
down from the Daubenhom. There can be no doubt that these 
also only result from the melting of the ice on the upper surface 
of the glacier by the heat of the atmosphere. 

My guide also related to me some remarkable facts concern- 
ing the ice-cold, periodical spring of the Leibfraw^ mentioned 
by Ebel,* situated 200 paces distant from the Baths of Leucky 
which are also corroborative of the above opinions ; namely, 



* Anleitung die Schweiz zii bereisen Zurich, 1810. 3d edition. Fart iii. 
p. 333. 
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If we trace a glacier from its lower to its upper end, we find 
that the crystals of ice become continually harder, till, at a certain 
height, it consists of nothing but a loose granular mass of snow, 
which, in Switzerland^ is called Firn.* The height at which this 
Fim first appears, and which Hugi proposed to call the Fim4%ne 
(Fimlinie) is, according to his observations in the Alps^ a fixed 
line, which undergoes neither elevation nor depression, whether 
on a northern or southern declivity, or from any other cause. 
He found the Firn-line^ from observations on a great number 
of glaciers, to lie between 761 4 and 7698 feet above the level 
of the sea. In the Pennine Alps^ the Firn-line seems to lie 
somewhat higher, at least the observations on the Gries^ and on 
the ridges of the Binnenthaly give it at near 7800 feet. Gla- 
ciers properly so called do not reach this Firn-line ; for, at 
the height of 7600 feet, where the mean temperature, according 
to Chap. XVIII., is about 36^5, the glaciers of the Alps are 
quickly converted into Firn.f 

All these circumstances may be satisfactorily explained, if we 
consider that, where the mean temperature of the soil becomes 
SS^.O, the glacier no longer melts away from underneath, but 
only on its upper surface, during the summer. The greater 
number of the glaciers in the Alps extend far below the limit of 
6165 feet, and consequently rest upon a soil, the mean tempera- 
ture of which, if not covered with ice and snow, would be 
above 82°. It is this excess of heat above 8J^° which may 
possibly be employed in promoting a continual melting of the 
glaciers from underneath. Theoretical considerations bring us 
to the following conclusions : — The covering of an alpine val- 
ley with a glacier, causes a disturbance in the original law of 
the progressive decrease of heat from the centre of the earth to- 
wards the surface, which cannot be repaired so long as the co- 
vering remains ; but the law is not entirely destroyed A dis- 
tinction must therefore be made between the actual temperature 



* Hu|^ in Berghaus Annal, iii., 295, Some of the assertions of this dili- 
gent explorer of the Alps, may perhaps be found to require some corrections, 
when subjected to a closer investigation. It certainly is not true that the 
masses which are converted into glacier ice He deeper the higher the glacier 
lies above the Ftm. I. 1. p. 294. 

+ 1. 1. P. 289. 
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• As water of 41°, according to Rumford^s* experiments, when 
left for SO minutes in contact with ice of 32^, melts away about 
^*j of its own weight from the ice, and becomes 3° colder, it will 
melt about one-eighth of its weight by the time that it reaches 
32°. This will give an approximate measure of the increase of 
a spring, of the above temperature, which flows under a glacier. 
The springs at Leuckerbad^f which rise in such enormous 
quantities, and with a temperature between 115^2 and 124^.0 at 
a height of 4295 feet above the level of the sea, render it very 
•probable that hot springs may al^) come up under glaciers.^ 

.. * Gilbert's Annal. vol. i. p. 334. 

t Besides the large or Lorence spring, which rises like a brook in the front of 
the Bath-house, and is the warmest, I found twelve others at a little distance 
from the village, on the north-east side, which are all unused except two, and' 
run into the ikUa. 

f Many a warm spring may perhaps lie concealed in the deep valleys of the 
Alps. And as, in general, such springs rise according to the laws of hydrosta- 
tics, at the lowest part of the valley, we must expect to meet with them in the 
bed of the glacier streams. But there they can only be seen during the winter. 
Thus, in the winter of 1831, some fishermen for the first time discovered ai 
warm spring of 113^ in the- bed of the Rhone^ near the village of Lavey^ to 
the south-east of Beof, which the government of the canton Waadt caused to 
be enclosed, and which has been raised since then to a watering-place. ^(See 
Ann. de Chim. et de Phys. vol. Iviii p. 109, and Joum. fur Pract. Chemie, 
voL ii. p. 82.) The fissures certainly descend to a great depth in some places 
into the interior of the rocks. This is evident from the water which oozes out 
at the fi>ot of the high and naked cliffs of limestone. A most striking example 
of this is presented by the mountain over which the wonderful pass of the 
Gemani leads, and which rises perpendicularly to the height of about 2000 feet. 
From all points of this cliff, from top to bottom, drops of water are seen to 
ezude^ and for the most part to unite below into a small brook. As when I 
crossed this pass, it had not rained during the last five days, this water must 
have come out of the interior of the rock. This is also very strongly corro- 
borated, by the fact that the Daubinsee on the Gemmt, which measures one- 
half a league in length, has no visible outlet, although it receives the water 
which comes from the great Lammerr glacier, as well as all the rain and snow 
which falls upon the surrounding high mountains ; further, that several small 
streams which come from the Datibenhorn gradually lose themselves in the 
earth ; and, lastly, that on the Gemmi (as in the limestone rocks of Crain^ es- 
]>ecially near Triate and Fiume ; see Gilb. Ann. vol. xlvL p. 408, and on the 
Wurtemberg Alp, see Kastner's Archiv. v. 34) are found funnel-shaped holes, 
into which the rain-waters disappear. But waters thus sinking here and in 
other places through high mountains into the interior, will become heated, 
and will return to the surface in the valleys as warm springs. Examples of 



Prof. Budioff M ike TmpenMte qf 

nliet, 0,08483 ; alnmiiia, 0,00950 ; salphate of aoda^ 0,OT»tf ; 
Hilphate of Ume with water of crystaUiiatioii,. 0,8071 1 ; Hulphpte 
ofinagnena, 0,14881 ; oxide of iroft, a trace; organic na^lftr,!: 
trade ;= 0,99795 : L068, 0,08102 ; r= 1,08897. 

-. No fldales, phosfrfiates; ilor utrODtian; could befound. - Mr' 
Pagenstecher had the goodness at the same time t0 undertaketh^ 
ahaljas of the waters of the Aar add the Rhin^^ The fimaer 
was taken from the middle of tlie -stream near JZmiy when the, 
weather was fine and the^ater perfectly clear ;'aad after tw^ty-^ 
four hours not the slightest trSsoe of a sediment waa to' be per-, 
oeiyed.' 

. The Rhine water was taken neair Batel^ at some distanoe from, 
the bank, also at a time when the river was perfectly dear. lo 
the bottles in which it was sent th^re was no sediment, and the 
water was clear and colourless. 

'. The analysis gave the fdlowing result. 





' Aar. 


Rhine. 


Curbdnate of lime, 


Mtioi 


ijmi^ 


Csrboiiste of Msgnena, 


a»ii894 


o,iasii 


Silica 


0,096d3 


0,02083 


Sulphate of Soda, 


0,00862 


0,01845 


Sulphate of Lime, with water of 






crystallisation, 


0,17426 


0,15357 


Sulphate of Magnesia, 


0,26005 


0,03928 


Chloride of Sodium, 


• •• 


••■ 


Chloride of Potassium, 


0,00287 


0,01488 


Alumina and Oxide of Iron, 


a trace. 


a trace. 


Organic matter. 


a trace. 


0,03273 




2,16282 


1,09401 


Loss, 


0,04992 


0,01726 



2,21774 



1,71127 



If we compare the analyses of these three waters, we find a 

very near resemblance in their component parts : the only diflTer- 

ence being, that in the Lutschine the chlorides are wanting which 

are found, although in but small quantities in both of theoihers. 

They do not, however, correspond so nearly in the quantities of 

le various parts ; on the contrary, the difference is here very 

reat,for the Lutschine is distinguished by its far greater purity, 

.lat is to say, by its comparatively small contents of fixed sub- 
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man found wells and springs of S3o.3 to S4o.4 in the months of 
July and August, in such latitudes. At Jakuizky therefore, in 
6S** North Lat., the mean temperature of the soil must already 
be considerably below S2<>. Thus, if we suppose it to be only 
27*9 And ^tiA^ the temperature increases towards the centre of 
tbe earth at the same rate as it has been found to do in our cli- 
mates, the mean temperature of the earth would not reach the 
melting point of snow until a depth of S30 to ^6 feet. 

Chap. XL — The decrease of Temperature in the Waters of the Sea 
and of Lakes, is not contradictory to the hypothesis of an increase 
of Temperature towards the Centre of the Earth. On the con^ 
trary, we can ordy explain the Temperature of Sea and of Lakes 
by admitting an increase of Temperature towards the Centre of 
^ Earth. 

De Saussure * determined the temperature of the Swiss Lakes 
at various depths, as in the following table : — 





Temperature of 








the Water 






Places. 


' 

on the 
Surface. 


at the 
Bottom. 


Depth 
in feet. 


Dates. 


Lake of Geneva, .... 42.09 


4l'.74 


950 


1777, Feb. 6. 


Da do. . . . 






70.13 


4309 


150 


1775, Aug. 5. 
1783, Ju^r 7. 


LakeofThun, .... 






65.5 


41.00 


350 


Lake of Brienz, . • . 






66.24 


40.69 


500 


1783, Julj 8. 


Lake of Lucerne, . . . 






68.49 


40.74 


600 


— July 28. 


Lake of Boden, . . . 






63.59 


40.00 


370 


1784, July 26. 


LajE^o Maffgiore, .... 
Lake of Neufchatel, 






7700 

73.69 


44.03 
41.00 


335 
325 


1783, July 19. 
1779, July 17. 


LakeofBiel, ..... 






69.23 


44.34 


217 


1779, July 20. 


Lake of Annecj, . . . 






57.84 


42.09 


163 


1780, May 14. 


Lake of the Bourget, • . . 

• 


* 


63.24 


42.09 


240 


1781, Oct. 6. 



According to De la Beche'^s observations on the Lake ofGe- 

mevOf'f the temperature of the water, at depths of forty to seventy 

fathoms, seems everywhere to be 48^.99 except only at (hichy ; 

and from eighty fathoms downwards to the greatest depths, he 



* Voyages aux Alpes, § 1351 and 1391. 
t Gilbert's Annalen, vol. Ixvi. p. 146. 
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cesses, by the use of which the qualities of a certain gelatinous substance, or 
certain gelatinous substances, called isinglass, may l>e improved.** — 18th July 
1337. 

7« To TnoMAS Lutwtche, of Liverpool, in the county of I^ncaster, ma- 
nufacturing chemist, for an invention of <' certain improvements in the con. 
stniction of apparatus used in the decomposition of common salt, and in the 
mode or method of w(H'king or using the same.*' — 20th July 1837. 

8. To William Bell, of Edinburgh, in the kingdom of Scotland, Esq., 
for an invention of ^' improvements in heating and evaporating fluids.** — 21st 
July 1837. 

9. To James Dredge, of the parish of Walcot, in the city of Bath, and 
county of Somerset, brewer, for an invention of ^ certain improvements in 
the constixiction of suspension-chains for bridges, viaducts, aqueducts, and 
other purposes, and in the construction of such bridges, viaducts, or aque- 
ducts."— 22d July 1837. 

10. To Godfrey Woone, of Berkeley Street, Picadilly in the county of 
Middlesex, gentleman, for an invention of '< an improved method of forming 
plates with raised surfaces thereon, for printing impressions on different sub- 
stances.**— 24th July 1837. 

11. To Robert Griffiths, of Smethwick, near Birmingham, in the 
county of Warwick, machine-maker, for an invention of **• improvements in 
the manufacture of burrs or nuts for screws, and nails or spikes and bolts.**— 
9th August 1837. 

12. To William Hekry Goschen, of Crosby Square, Bishopsgate 
Street, in the city of London, merchant, for an invention, communicated bym 
foreigner residing abroad, of '' improvements in preparing flax and hemp for 
spinning.**— 9lh August 1837. 

13. To John Paul Neumann, of Great Tower Street, in the city of Lon- 
don, prussiate of potash -maker, for an invention, partly his own, and partly 
communicated by a foreigner residing abroad, of '^ improvements in the manu- 
facture of prussiate of potash, and prussiate of soda.** — 9th August 1837. 

14. To Andrew Smith, of Balper, in the county of Derby, mill-wright 
and engineer, for an invention of '^ a certain improvement or improvements 
in printing-machines." — 17th August 1837. 

15. To Lemuel Wellman Wright, of Sloan Terrace, in the parish of 
St Luke, Chelsea, and county of Middlesex, engineer, for an invention of 
** certain improvements in machinery or apparatus for bleaching and cleaning 
linens, cottons, and other fibrous substances."* — 28th August 1 837* 

16. To Archibald Francis Richard Rosser, of New Boswell Court, 
in the county of Middlesex, Esq. for an invention, communicated by a fo. 
reigner residing abroad, of ^^ improvements in preparing manure, and in the 
cultivation of land.'*— 1st September 1837. 

17* To John George Hartley, of No. 11. Beaumont Row, Mile End 
Road, in the county of Middlesex, Esq. for an invention for << an improved 
application of levers for the purpose of multiplying power.*' — 1st September 

1837. 
18. To James Hunter, of I^ys Mill, Arbroath, in the county of Forfar, 



( 423 ) 



INDEX. 



Alphabets, od, for the use of the blind, 225. 

Amber, remarks on the origin of, 172. 

Anderson, Reverend John, on the organic remains fomid in the 
old red sandstone of Fife, 137. 

Animal, quadromanous, account of the skull of a, found in the ter- 
tiary rocks of the sub-Himalayan hills near the Sutlej, 216. 

Arago, M. his considerations concerning the manner in which was 
formed in the Mediterranean, in July 1831, the new island 
which has successively been called Ferdinandia, Hotham, 
Graham, Nerita, and Julia, 204. 

Arts, useful, on the state of the, 262. 

proceedings of the Society of, for Scotland, 417. 

Atken, George, Esq. his thermometric and barometric tables, &c, 
281. 

Babbage, Charles, E^q. on the account of the Creation in the first 
chapter of Genesis, 155. 

Barry, Dr Martin, his translation of Alexander von Humboldt's 
two attempts to ascend Chimborazo, 291. 

Beaches, on the elevation of, by tides, 166. 

Beings, organized, on the unity of function in, 92. 

Beck, A. Van, his remarks on Dr Davy's paper on the supposed 
property of t?n of preserving iron from corrosion in sea- 
water, 46. 

Becquerel, M., on the relation of natural philosophy with chemistry 
and the natural sciences, 303. 

Biot, M. on the stony matters which are employed in China in the 
time of famine, under the name of Flour of Stone, 208. 

BischofP) Professor, on hot and thermal springs, &c. 330. 

Bison, on the occurrence of the European, in the Caucasus, 408. 

Blainville, M. de, upon the affinity which the fluids of living or- 
ganized structures have for matter, 412. 

Bone, Dr, on the geology of Turkey, 54. 



Index. . 425 

Glanders, on the occurrence of, in the baman subject, 408. 
Goppert, H. R., remarks on tbe origin of amber, 172-— on the con- 
dition of fossil plants, and on the process of petrifaction, 75. 
Gniham Island, on the manner in which, was formed, 204. 

Hausmanu, Professor, on metallurgical phenomena as illustrative 

of geology, 326. 
Humboldt, Alexander ron, his two attempts to ascend Chimborazo, 

291. 
Leslie, Sir John, biographical memoir of, 1. 
Limestone, on the burning of, or the decomposition of lime by heat, 

217. 

Man, on the possibility of elucidating the history of, by the study 
of domestic animals, 185. 

Meteoric showers, on the, of November 1836 82. 

'Meyen, J., his comparative remarks on the distribution of vegeta- 
tion on the greatest heights of the Himalayah and of Upper 
Peru, 34. 

Napier, M. £^q., his biographical memoir of Sir J. Leslie, 1 • 

Observations, meteorological, made at Henot Row, Edinburgh, 
312. 

Obesity in Africa, 417. 

Olmsted, Professor D., on the meteoric showers of November 
1836, 82. 

Patents, list of, granted in Scotland from 14th March 1837 to 12th 
June 1837, 223; from 12th June to 20th September 1837, 
420. 

Paterson, Dr, on the fossil organic remains found in the coal forma- 
tion at Wardie near Newhaven, 146. 

Philosophy^ on the relations of naturaly with chemistry and the 
natural sciences, 303. 

Plants, on the condition of fossil, and on the process of petrifac- 
tion, 73. 

Poggendor£F, M., his remarks on the traces of a vast ancient 
flood, 72. 

Poisoning, African, 417. 



426 Index. 

Remains, organic, in the old red sandstone of Fife, 137. — ^in the 

coal of Wardie, near Newhaven, 146. 
Ripple-mark, on, 169. 

Rippoldsau, on, and its mineral waters, 171. 
Rodizite, on, a new mineral species from Russia, 32. 

Sandstone, old red, on the organic remidns found in the, of Fife, 

137. 
Sang, Ekiward, Esq., his annual report on the state of the useful 

arts, 262. 
Schulze, F., his notice of the result of an experimental observatiou 

made regarding equivocal generation, 165. 
St EHmo's fire, notice of, seen in Orkney, 220. 
St Hilaire, M. Isidore, his remarks on the possibility of elucidating 

the natural history of man by the study of domestic animals, 

185. 
Stanley, Rev. Edward, on Rippoldsau and its mineral waters, 171. 
Sivatherium, on the, a new fossil ruminant genus found in the 

tertiary strata in the valley of the Markanda, in the Sivalik 

branch of the sub-Himalayan mountains, 197. 
Steam, on the use of, in the economising of fuel, 173. 
Springs, on hot and thermal, &c., 330. 

Tables, thermometric and barometric, &c., 281. 

Tin, remarks on the supposed property of, of preserving iron from 

corrosion in sea- water, 46. 
Toothach, on, from caries, 413. 
Turkey, on the geology of, 54. 
Turner, Dr Edward, biographical memoir of, 229. 

Vegetation, comparative remarks on the distribution of, on the 
greatest heights of the Himalayah and Upper Peru, 34. 



PRINTED BV NEILL & CO., OLD FISHMARKET, EDINBURGH. 



rLATi: J . ^AJuvrNewPUl. <Tour. Vol. XXIII. 



fig. 3. 4. Fossil Qtuulmnuuui 




Fi^.4. 




f{^.2. 




U 



Fi^.l. 







Zepvdostrobws VaruibiUs 
with. (Otaihtd. LepiM>di;nATOTL 



_ tiieuaua.t'- 



